A series of spirocyclic monoorganosilicon compounds of the form RSi(OPO) 2 Cl [R = phenyl (1 1); p-tolyl (2 2); benzyl (3 3); Me (4 4); t Bu (5 5); thexyl (6 6)] (OPO = 1-oxo-2-pyridinone) was synthesized and characterized by 1 H , 13 C, and 29 Si NMR spectroscopy, X-ray crystallography, and elemental analysis. In the solid state, complexes 1 1, 2 2, and 3 3 are neutral and possess cis-OPO ligands in an octahedral arrangement, and complexes 4 4, 5 5, and 6 6 are cationic and possess effectively trans-OPO ligands in nearly ideal square pyramidal geometries along the Berry-pseudorotation coordinate. In 4-6 4-6, chloride dissociation is attributed to the additive effect of multiple intermolecular C-H•••Cl interactions in their crystals. In DMSO-d 6 solution, compounds 1 1-6 6 form cationic hexacoordinate DMSO adducts with trans-OPO ligands, all of which undergo dynamic isomerization with energy barriers of ~18-19 kcal/mol. Compounds with better leaving groups, (p-tolyl)Si(OPO) 2 X [X = I (7 7); X = triflate (8 8)], exhibit identical solution NMR spectra as 2 2, supporting anion dissociation in each. The fluoride derivatives RSi(OPO) 2 F [R = benzyl (9 9); Me (10 10 (6) 
Complexes with expanded coordination spheres also serve as models of intermediates and transition states in the mechanisms of substitution processes at tetracoordinate silicon. 1 Pentacoordinate silicon complexes often manifest geometrical and stereochemical flexibility with low energy barriers to isomerization. The large number of pentacoordinate silicon complexes in the Cambridge Structural Database 4 reveals most, if not all, molecular shapes falling along the Berry-pseudorotation continuum between ideal trigonal bipyramidal (TBP) and square pyramidal (SP) geometries. 5 Significant variations in molecular shape along this continuum have been observed between crystalline forms of the same compound, 6 and even within the same crystal of the same compound, 7 of which were attributed to underlying crystal packing effects.
Previous reports of pentacoordinate organosilicon complexes relevant to the present work have a SiCO4 ligand framework for which most fall into the category of zwitterionic spirocyclic organosilicates. 1a According to the valence-bond model, these complexes can be described as having a formal negative charge on silicon which is charge-balanced by a pendant ammonium group. Cationic complexes having SiCO4 cores are comparatively rare in the literature with these and related heteroatom examples arising upon dissociation of halide (X) in RSiL2X complexes bearing an alkyl or aryl R group and two monoanionic bidentate ligands (L). The most abundant and well-studied examples of this type include those of tunable hydrazide-based ligands with an entire series of papers published on their characteristics and behavior. 8 In their reports, the use of ligands with sufficient electron-donating ability has been established as an important factor in promoting anion dissociation. Other reports of this type currently include those based on oxinate, 9 2-acylpyrrole, 10 salicylaldimine or salen-type, 11 pyridine-2-thiolate, 12 1,3-diketonate, 13 tropolone, 14 among others, 15, 16 not all of which have been observed or probed for their ionization behavior.
We recently reported on the chelation equilibria of neutral di-and triorganosilicon (IV) complexes bearing the 1-oxo-2-pyridinone (OPO) ligand. 17 According to the valence bond model, a chelated OPO ligand adopts a formal positive charge and places a formal negative charge on silicon upon π-electron delocalization in the pyridine ring, and this parallels the electronic effect of the zwitterionic organosilicates ( Figure 1 ). 1a, 18 The neutral diorgano complexes, R2Si(OPO)2, readily undergo non-ionic dissociation of their Si←OC dative bonds concomitant with isomerization which is facilitated by increasing temperature, increasing core ligand sterics, and the influence of hydrogen-bonding donors. As a logical extension of our work, this report describes a new series of monoorgano complexes of the general formula RSi(OPO)2X. The decrease in the number of R groups attached to silicon results in profound differences in the structure and bonding of these complexes, particularly in that they do not show evidence for Si←OC bond dissociation in solution, but instead, in the case of the weaklycoordinating X groups, form silylium ions that are stabilized by coordination of DMSO solvent.
The steric and electronic nature of R has surprisingly little effect on the geometry of the formed cations with the two cis-OPO ligands in the neutral complexes reorienting effectively to trans upon formation of the silylium ions and the resulting molecular shapes all lying on the far limit along the TBPSP Berry pseudorotation coordinate. Figure 2 . Thermal ellipsoid plot of 1 at the 50% probability level with hydrogen atoms omitted. . Thermal ellipsoid plot of 3 at the 50% probability level with hydrogen atoms omitted. In contrast with 1-3, complexes 4-6 crystallize as ion pairs ( Figures 5, 6 , and 7) and exhibit remarkably similar structures in light of large differences in the sterics of the alkyl groups. All three structures exhibit a nearly ideal square pyramidal (SP) geometry 23 with the alkyl group occupying the apical position, the OPO ligands situated effectively trans to each other, and the chloride ion located nearly linearly opposite of the alkyl ligand off of the vacant coordination site at a distance of ~3.5 Å. Selected bond distances and angles are given in Table   2 . Although primarily ionic bonding is evident, the consistent and regular positions of the chloride ions in the silicon coordination spheres and the Si-Cl distances less than the sum of the 26 An additional explanation that was considered for the difference in the structures of 1-3 and 4-6 was that they perhaps represented different tautomeric forms of each other, similar to behavior reported in a hydrazide-based complex, 8b but in the present case resulting from the partial or complete loss of π-electron delocalization in one or both OPO ligands upon coordination of chloride. Shortening of the C1-N1/C6-N2 and C3-C4/C8-C9 bonds and lengthening of the C2-C3/C7-C8 and C4-C5/C9-C10 bonds is expected in moving from a localized to delocalized π-system. 27 By comparison with two known monodentate OPO complexes, which should have effectively no delocalization occurring, the largest difference between chelated and unchelated complexes was found in the C-N bond length. Specifically, the C-N bond lengths in 1-6 [range = 1.346 (2) to π-electron delocalization occurring in 1-6. However, a comparison between neutral 1-3 and cationic complexes 4-6, which have different chelate strengths indicated by their Si-O bond lengths, did not reveal significant differences in their C-N bond lengths and thus does not provide evidence for tautomeric character. An ionic no bond resonance form shown in Figure 1 may be more representative of the bonding. 28 For a better understanding of the effect of π-electron delocalization on chelate strength and charge distribution in these molecules, computational studies are needed.
Considering electronics and sterics, it is perhaps surprising that the benzyl derivative 3
does not adopt a similar cationic structure as 4-6 which also possess alkyl ligands. One possible explanation is that a weak intramolecular π-π interaction exists between the benzyl ligand and an OPO ligand [dC6-C12 = 3.0356(13) Å and dN2-C17 = 3.1856 (14) Thermal ellipsoid plot of 6 at the 50% probability level with hydrogen atoms omitted. Table 2 . Selected Bond Distances (Å) and Angles (°) for 4, 5, and 6. None of the C-N, N-O, and C-O bond lengths can be represented accurately due to C/N site disorder. (5) a The t-butyl group is modeled as disordered over two positions (0.86:0.14). Only the angle for the major contributor is given. Table 3 . Table 3 . C-H•••Cl intermolecular contact distances and angles in 1-6. These observations and further studies described below support that all of these complexes have similar solution structures with trans-OPO bischelate arrangements.
The iodo and triflato derivatives, (p-tolyl)Si(OPO)2I (7) and (p-tolyl)Si(OPO)2OSO2CF3
(8), were prepared to explore the replacement of the apparently coordinated chloride ion of 2 with a more weakly-coordinating anion and to examine potential differences in the NMR chemical shifts of the complexes. Reaction of (p-tolyl)SiCl3 with 2 equiv. of Me3Si(OPO) and 1 equiv. of Me3SiI or Me3SiOSO2CF3 afforded complexes 7 and 8, respectively, in quantitative yields (eq 2). 33, 34 In DMSO-d6, both 7 and 8 exhibited 1 H, 13 C, and 29 Si NMR spectra identical to those of 2 and therefore strongly supports that all three complexes exist as separated ion pairs The X-ray crystal structures of the fluoride derivatives 9 and 10 ( Figures 11 and 12) show distorted octahedral geometries with cis-OPO ligands. Selected bond distances and angles for 9
and 10 are given in Table 1 . Relative to their respective chloride analogs 3 and 4, the structure of 9 is similar, but the structure of 10 differs not only by the coordination of the halide, but also a change in the conformation of the OPO ligands from trans to cis. These observations are consistent with the solution structures described above. As with the comparison between the solid-state structures of 2 and 8, a comparison of structures 4 and 10 also supports the conclusion that a cis-OPO conformation of the complexes is favored with more strongly coordinating anions and that a trans-OPO conformation is favored with dissociated or weakly-coordinating anions.
The Si-O distances are all slightly longer and the O2Si bite angles are smaller (∆=1.36-1.78°) in 9 compared to those of 3. Similarly, in 10, the Si-O bond distances are longer and the O2Si bite angles are smaller (∆=3.0-3.6°) compared to those of its cationic chloride derivative 4.
These structural features reflect an overall weaker OPO chelate interaction in the fluoride derivatives. Despite the greater electron-withdrawing ability of F vs. Cl, the reduced electrophilicity of Si in these complexes is attributed to the greater Si-F covalent bonding contribution, as well as the increased electrophilicity of Si in 4 vs. 10 due to ionization.
Lengthening of Si-O bonds was also observed in 2-acylpyrole complexes upon the exchange of chlorine with fluorine, 10 but less so in oxinate complexes. arrangement (see Experimental Section). The presence of multiple isomers is consistent with more than two isomers observed in their solution NMR spectra. VT-NMR experiments described below show these isomers to be in equilibrium. Figure 11 . Thermal ellipsoid plot of 9 at the 50% probability level with hydrogen atoms omitted. Selected bond distances and angles are given in Table 1 . Figure 12 . Thermal ellipsoid plot of 10 at the 50% probability level with hydrogen atoms omitted. Selected bond distances and angles are given in Table 1 . Taken as an AB site exchange, the activation energies (∆G ‡ ) were calculated using the 13 C NMR data and the formulae: k = 2π(∆ν)/√2 and ∆G ‡ = −RT(ln k -ln (kbT/h)). Complexes 1-6 were all found to interconvert with remarkably similar activation energies (18-19 kcal/mol) despite differences of the R substituent (see the Supporting Information). 40 Additionally, the p-tolyl chloride 2 and triflate 8 derivatives were found to have identical rates of exchange and coalescence temperatures which further supports ion pair separation in solution and dynamic exchange of the same cationic complex.
Considering the evidence for lability of DMSO, and that dissociation of DMSO should be favored at higher temperatures, 21a a Berry twist mechanism involving a pentacoordinate TBPeq intermediate is proposed (Figure 14) . Experimental Section. All manipulations were performed inside a N2-filled Vacuum Atmospheres glovebox. Acetonitrile, dichloromethane, and chloroform were dried and vacuumdistilled from activated 4Å molecular sieves. Diethyl ether and THF were distilled from purple solutions of benzophenone ketyl and stored over 4Å molecular sieves. Toluene, DMSO, and DMSO-d6 were passed through activated alumina prior to use. Silyl chlorides, Me3SiOSO2CF3, Me3SiI, and Me3SnF were purchased from Gelest, Inc. and used as received. Me3Si(OPO) was prepared as described previously. 17 29 Si NMR spectra recorded at a minimum resolution of 0.36 Hz. 29 Si NMR chemical shifts were referenced using pure TMS external capillary standards. All samples for elemental analysis were obtained directly after workup of the synthesis and were performed at the CENTC Elemental Analysis
Facility at the University of Rochester.
Single crystal X-ray crystallography. Crystals were placed onto the tips of glass optical fibers and mounted on a Bruker SMART platform diffractometer equipped with an APEX II CCD area detector for data collection. 43 For each crystal a preliminary set of cell constants and an orientation matrix were calculated from reflections harvested from three orthogonal wedges of reciprocal space. Full data collections were carried out using MoKα radiation (0.71073 Å, graphite monochromator) with frame times ranging from 10 to 120 seconds and at detector distances of approximately four cm. Randomly oriented regions of reciprocal space were surveyed: four to six major sections of frames were collected with 0.50º steps in ω at four to six different φ settings and a detector position of -38º in 2θ. The intensity data were corrected for absorption. 44 Final cell constants were calculated from the xyz centroids of about 4000 strong reflections from the actual data collections after integration. 45 Structures were solved using SIR97 46 or SHELXT-2014/5 47 and refined using SHELXL-2014/7. 48 Space groups were determined based on systematic absences, intensity statistics, or both. Direct-methods solutions were calculated which provided most non-hydrogen atoms from the E-map. Full-matrix least squares / difference Fourier cycles were performed which located the remaining non-hydrogen atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. All hydrogen atoms were placed in ideal positions and refined as riding atoms with relative isotropic displacement parameters. Full matrix least squares refinements on F 2 were run to convergence. 
BnSi(OPO)2F (9).
A solution of 3 (0.0425 g, 0.113 mmol) at room temperature, prepared by boiling in ~8 mL of CH3CN, was added to a suspension of Me3SnF (0.0207 g, 0.113 mmol) in ~1 mL of CH3CN. The mixture was brought to a boil until the solid dissolved, allowed to cool, and the volatiles removed under vacuum to yield 0.0404 g (99.5%) of white powder. X-ray quality crystals were obtained by recrystallization from hot DMSO-d6/toluene (~25:75 volume ratio).
Some peaks are broad in the 1 H and 13 C NMR spectra at room temperature and more than one isomer is indicated (see the Supporting Information 
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